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Summary
Background:  Two-dimensional  speckle  tracking  echocardiography  (2D-STE)  is  a  novel  technol-
ogy that  directly  measures  regional  left  ventricular  (LV)  wall  contraction.  This  study  aimed  to
directly measure  inner-layer  thickening  (radial  strain)  of  the  LV  using  2D-STE,  and  to  examine
the relationship  between  radial  strain  and  the  degree  of  hypertrophy.
Methods:  The  study  enrolled  63  untreated  hypertensive  patients  with  normal  geometry  (N  group,
n =  32)  or  concentric  hypertrophy  (CH  group,  n  =  31),  classiﬁed  according  to  LV  mass  index  (LVMI)
and relative  wall  thickness  (RWT).  Thirty  normotensive  subjects  (C  group,  n  =  30)  served  as
controls.  Radial  strain  (ε)  in  the  inner  half  (εi)  and  all  layers  of  the  LV  wall  (εa)  were  calculated
from the  LV  short-axis  view  by  2D-STE.
Results:  LV  ejection  fraction  did  not  differ  signiﬁcantly  among  the  groups.  However,  εi  and  εa
were signiﬁcantly  lower  in  the  CH  group  compared  with  the  C  and  N  groups  (p  <  0.01).  A  ratio
of εi  to  εa  was  signiﬁcantly  lower  in  the  CH  group  compared  with  the  C  and  N  groups  (p  <  0.01).
A multivariate  regression  model  that  included  midwall  fractional  shortening,  E/e′,  LVMI,  RWT,
and LV  ejection  fraction  showed  that  LVMI  (p  =  0.002)  and  RWT  (p  =  0.014)  were  independent
predictors  (R2 =  0.59)  of  εi.
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Conclusion:  Radial  strain  in  the  inner  half  layer  of  the  LV  wall  decreases  in  parallel  with  the
degrees of  LV  concentricity  and  hypertrophy  in  hypertensive  patients.  Radial  strain  in  the  inner
half layer  may  identify  subtle  systolic  dysfunction  even  in  hypertensive  patients  with  preserved
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[7].  LV  ejection  fraction  was  measured  using  a  biplane
modiﬁed  Simpson  method.  Furthermore,  E/e′ was  calcu-LV chamber  function.
© 2011  Japanese  College  of  C
Introduction
Left  ventricular  hypertrophy  (LVH)  has  been  widely  rec-
ognized  as  an  adaptive  process  to  increased  afterload  in
hypertension,  with  normalization  of  systolic  wall  stress
(afterload)  as  hypertrophy  progresses  [1].  It  is  well  known
that  LVH  is  an  independent  predictor  of  cardiovascular
morbidity  and  mortality  [2—5]. Many  investigators  have
examined  LV  performance  in  patients  with  LVH.  Shimizu
et  al.  reported  that  LV  performance  determined  using  the
endocardial  border  [i.e.  fractional  shortening  (FS)  or  LV
ejection  fraction]  overestimated  LV  function  in  patients
with  LVH,  whereas  there  was  a  decrease  in  LV  function
determined  using  the  midwall  (i.e.  midwall  FS)  in  the
same  patients  [6].  Furthermore,  de  Simone  et  al.  found
that  many  patients  with  hypertension  had  reduced  mid-
wall  FS  calculated  from  M-mode  echocardiography,  despite
normal  or  increased  chamber  function  [7,8]. The  calcu-
lation  of  midwall  FS  is  based  on  an  elliptical  2-shell  LV
model,  which  assumes  that  the  myocardial  volume  of  the
inner  and  outer  layers  is  constant  during  the  cardiac  cycle
[6].  In  this  assumption  for  the  calculation  of  midwall  FS,
myocardial  thickening  mainly  depends  on  inner  layer  thick-
ening.  In  fact,  from  the  beginning  of  the  1980s,  studies
in  animals  using  ultrasonic  crystals,  radiopaque  markers,
or  Doppler  echocardiography  showed  greater  thickening
in  the  endocardial  than  in  the  epicardial  layer  of  the
LV  wall  [9,10]. A  recent  experimental  study  using  tissue
Doppler  imaging  demonstrated  a  transmural  strain  gradient,
which  is  consistent  with  the  results  of  prior  experimen-
tal  studies  [11]. Taken  together,  these  results  predict  that
endocardial  strain  behavior  would  be  similar  to  midwall
mechanics.
Two-dimensional  speckle  tracking  echocardiography  (2D-
STE)  is  a  novel  technology  that  directly  measures  regional
LV  wall  deformation  [12,13].  Myocardial  radial  and  circum-
ferential  strains  in  the  LV  wall  can  be  measured  from  the
short-axis  view  by  2D-STE.  Circumferential  strain  may  be
compensated  for  preserving  the  LV  systolic  function  accord-
ing  to  the  LV  myoﬁber  geometry  and  twist  mechanics  in
patients  having  diastolic  dysfunction  [14]. In  contrast,  a
recent  report  showed  that  the  compensatory  augmentation
of  radial  strain  was  attenuated  in  hypertrophied  hyperten-
sive  hearts  [15]. To  date,  direct  measurements  of  inner  layer
thickening  in  patients  with  hypertension  have  not  yet  been
performed.  Accordingly,  the  aim  of  this  study  was  to  test  the
hypothesis  that  inner  layer  thickening  (radial  strain)  of  the
LV  wall  measured  by  2D-STE  changes  in  parallel  with  degree
of  LVH.Methods
Sixty-eight  consecutive  patients  with  untreated  essential
hypertension  with  normal  geometry  or  concentric  LVH  [15]
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pology.  Published  by  Elsevier  Ltd.  All  rights  reserved.
ere  enrolled  in  this  study.  Patients  with  any  of  the
ollowing  criteria  were  excluded:  diabetes  mellitus,
schemic  heart  disease,  secondary  hypertension,  a  history
f  congestive  heart  failure,  signiﬁcant  valvular  heart  dis-
ase,  atrial  ﬁbrillation,  and  LVH  due  to  other  etiology.
atients  were  divided  into  2  groups  according  to  their  LV
eometry:  normal  geometry  (N),  and  concentric  hypertrophy
CH).  In  addition,  thirty  age-  and  gender-matched  nor-
otensive  subjects  served  as  controls  (C).  Blood  pressure
as  measured  manually  with  a  mercury  sphygmomanome-
er  and  an  appropriate  size  cuff  after  5  min  of  rest.  The
rm-cuff  position  was  maintained  at  the  heart  level  during
est  in  a  seated  position.  The  measurement  was  performed
wice  at  intervals  of  1—2  min,  and  the  mean  value  of
wo  measurements  that  gave  stable  readings  (difference
n  the  values  <  5  mmHg)  was  used.  The  diagnosis  of  hyper-
ension  was  deﬁned  as  systolic  blood  pressure    140  mmHg
nd/or  diastolic  blood  pressure    90  mmHg,  according  to
he  guidelines  of  the  Japanese  Society  of  Hypertension
17].  This  study  was  approved  by  the  ethics  committee
f  Ehime  University  Graduate  School  of  Medicine,  and
ll  patients  and  subjects  gave  informed  consent  prior  to
articipation.
ransthoracic  echocardiography
tandard  echocardiographic  examinations  were  performed
sing  a  Vivid  7  Dimension  ultrasound  machine  (GE  Health-
are,  Milwaukee,  WI,  USA)  equipped  with  an  M4S  probe.
t  ﬁrst,  routine  echocardiographic  measurements  were
cquired  according  to  the  recommendations  of  the  Amer-
can  Society  of  Echocardiography  [16]. Immediately  after
he  echocardiographic  measurements,  blood  pressure  was
easured  in  the  supine  position.  Using  M-mode  echocardio-
raphy,  LV  mass  was  calculated  by  the  equation  reported
y  Devereux  et  al.  and  normalized  to  body  surface  area
LV  mass  index:  LVMI)  [18]. The  upper  normal  limits  for
VMI  were  115  and  95  g/m2 in  males  and  females,  respec-
ively.  Relative  wall  thickness  (RWT)  was  computed  as
he  sum  of  interventricular  septal  and  posterior  wall
hickness  divided  by  LV  end-diastolic  dimension.  A par-
ition  value  of  0.42  for  RWT  was  used  for  both  males
nd  females.  Patients  with  increased  LVMI  and  increased
WT  were  considered  to  have  concentric  hypertrophy,  and
hose  with  normal  LVMI  and  RWT  were  considered  to  have
ormal  LV  geometry  [16]. FS  was  calculated  using  the
tandard  method.  In  addition,  midwall  FS  was  calculated
ccording  to  the  formula  reported  by  de  Simone  et  al.ated  from  the  ratio  of  trans-mitral  E  wave  and  mitral
nnular  velocity  at  the  septal  corner  during  early  dias-
ole  (e′),  and  E/e′ was  used  as  a  surrogate  of  LV  ﬁlling
ressure.
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Figure  1  Representative  cases  for  measuring  εi  (upper  panel,  a  hypertensive  patient  with  normal  geometry;  lower  panel,  a
hypertensive patient  with  concentric  hypertrophy).  The  observer  adjusted  the  width  of  the  region-of-interest  of  the  inner  layer  of
the left  ventricle  (LV)  wall  on  the  end-systolic  frame  (A  and  B,  left  panel)  to  display  just  the  inner-half  layer  on  the  end-diastolic
frame (A  and  B,  right  panel).  C  and  D  show  the  radial  strain  curve  in  the  inner-half  layer  of  the  LV  (εi)  in  6  myocardial  segments.
Note the  decreased  εi  in  a  hypertensive  patient  with  concentric  hypertrophy  (D)  compared  with  a  hypertensive  patient  with  normal
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adial  strain
adial  strain  (ε)  was  analyzed  from  high  frame  rate  (72—102
rames  per  second),  gray  scale  B-mode  data  with  commer-
ially  available  software  (EchoPAC  PC  BT08:  GE  Healthcare)
s  previously  described  [19—24]. Great  care  was  taken
o  obtain  short-axis  images  at  the  end-diastole  as  circu-
ar  as  possible  for  the  analysis  of  speckle  tracking-based
adial  strains.  From  the  short-axis  view  at  the  papillary
uscle  level,  we  measured  the  2  components  of  radial
train,  the  inner  and  all  layers  of  the  LV  wall.  After  plac-
ng  the  region-of-interest  within  any  given  two  circles  on
he  end-systolic  frame,  the  software  automatically  tracked
yocardial  motion  and  measured  each  strain  curve  in  6  seg-
ents.  Cases  were  excluded  that  had  tracking  failure  dueo  poor  B-mode  quality  in  at  least  one  segment  as  judged  by
he  software.  When  the  inner  layer  was  analyzed,  because
he  software  starts  speckle  tracking  from  end-systole,  the
bserver  adjusted  the  width  of  the  region-of-interest  of  the
a
p
tnner  layer  of  the  LV  wall  on  the  end-systolic  frame  to  dis-
lay  just  the  inner-half  layer  on  the  end-diastolic  frame  as
hown  in  Fig.  1.  Average  peak  radial  strain  in  6  segments
n  all  layers  of  the  LV  wall  was  expressed  as  εa  and  in  the
nner-half  layer  of  the  LV  wall  was  expressed  as  εi.
tatistical  analysis
ll  values  are  expressed  as  the  mean  ±  SD.  Differences
etween  the  2  hypertensive  groups  (N  and  CH)  and  the  con-
rol  subjects  (C)  were  compared  with  one-way  analysis  of
ariance  followed  by  Scheffe’s  multiple  range  test.  Stepwise
ultiple  regression  analysis  was  performed  to  determine  the
ndependent  predictors  of  εi.
The  inter-observer  and  intra-observer  variabilities  were
ssessed  for  measuring  εa  and  εi  in  11  randomly  selected
atients.  The  inter-observer  variability  was  calculated  as
he  SD  of  the  differences  between  the  measurements  of
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Table  1  Clinical  characteristics.
Variables  C  N  CH
n  (Male/female)  30(18/12)  32(20/12)  31(22/9)
Age (years)  59  ±  13  63  ±  11  63  ±  13
Body mass  index  (kg/m2)  23.1  ±  2.9  23.3  ±  3.5  24.8  ±  4.3
Heart rate  (/min)  64  ±  9  64  ±  10  62  ±  8
SBP (mm  Hg) 122  ±  11  153  ±  12* 156  ±  22*
DBP  (mm  Hg) 70 ±  10  83 ±  14* 88 ±  14*
MBP  (mm  Hg) 86 ±  11  107 ±  12* 110 ±  14*
LDL-C  (mg/dl) 106 ±  30  97 ±  29  113 ±  27
HDL-C (mg/dl)  57  ±  15  52  ±  16  54  ±  13
Triglycerides  (mg/dl)  196  ±  23  183  ±  31  203  ±  27
C, Normotensive subjects; CH, hypertensive patients with concentric hypertrophy; DBP, diastolic blood pressure; HDL-C, high-density
lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; MBP, mean blood pressure; N, hypertensive patients with normal
geometry; SBP, systolic blood pressure.
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t* p < 0.01 versus C.
two  independent  observers  who  were  unaware  of  the  other
patient  data  and  expressed  as  a  percentage  of  the  aver-
age  value.  The  intra-observer  variability  was  calculated  as
the  SD  of  the  differences  between  the  ﬁrst  and  second
determination  (two-week  interval)  for  a  single  observer  and
expressed  as  a  percentage  of  the  average  value.  All  sta-
tistical  analyses  were  performed  using  SPSS  15.0J  software
for  Windows  (SPSS  Inc.,  Chicago,  IL,  USA).  Values  of  p  <  0.05
were  considered  statistically  signiﬁcant.
Results
Five  patients  (normal  geometry,  n  =  2;  concentric  hypertro-
phy,  n  =  3)  were  excluded  because  of  tracking  failure.  The
ﬁnal  analysis  included  32  patients  with  normal  geometry,
31  patients  with  concentric  hypertrophy,  and  30  normal
subjects.
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Table  2  Echocardiographic  data.
Variables  C  
LVEDd  (mm)  47  ±  4  
LVESd (mm)  29  ±  4  
LV ejection  fraction  (%)  66  ±  7  
IVST (mm)  8.5  ±  1.3  
PWT  (mm)  8.4  ±  1.3  
LV  mass  index  (g/m2)  85.8  ±  18.1  
Relative  wall  thickness  0.36  ±  0.07  
FS  (%)  38.7  ±  5.7  
Midwall FS  (%)  18.9  ±  2.3  
E/e′ 10.2  ±  2.6  
εa  63.0  ±  16.4  
εi  71.0  ±  20.0  
C, Normotensive subjects; CH, hypertensive patients with concentric 
velocity at the septal corner during early diastole; εa, radial strain in t
of the LV wall; FS, fractional shortening; IVST, interventricular septal th
dimension; LVESd, left ventricular end-systolic dimension; N, hypertens
* p < 0.01 versus C.
† p < 0.01 versus N.linical  characteristics
able  1  shows  the  clinical  characteristics  of  patients  in  this
tudy.  There  were  no  signiﬁcant  differences  in  age,  body
ass  index,  and  lipid  proﬁles  among  the  3  groups.  Systolic,
iastolic,  and  mean  blood  pressures  were  signiﬁcantly  higher
n  hypertensive  patients  than  those  in  control  subjects.
chocardiographic  data
able  2  demonstrates  the  echocardiographic  data.  LV  dimen-
ion  and  ejection  fraction  did  not  differ  signiﬁcantly  among
he  3  groups,  whereas  interventricular  septal  thickness,
osterior  wall  thickness,  LVMI,  and  RWT  were  signiﬁcantly
ncreased  in  the  CH  group  compared  with  the  C  and  N
roups.  Although  the  FS  and  LV  ejection  fraction  were  sim-
lar  among  the  3  groups,  the  midwall  FS  was  lower  in  the
N  CH
48  ±  4  47  ±  4
28  ±  4  29  ±  4
65  ±  9  65  ±  8
8.5  ±  1.1  13.1  ±  1.7*,†
8.6  ±  1.1  12.8  ±  1.6*,†
85.0  ±  11.5  140.8  ±  25.1*,†
0.36  ±  0.06  0.56  ±  0.09*,†
40.7  ±  6.4  38.5  ±  6.8
19.7  ±  2.9  14.0  ±  2.3*,†
11.4  ±  2.8  13.6  ±  3.8*,†
74.1  ±  14.0  52.6  ±  20.6*,†
82.0  ±  15.0*,† 39.0  ±  17.2*,†
hypertrophy; E, trans-mitral E wave velocity; e′, mitral annular
he all layers of the LV wall; εi, radial strain in the inner half layer
ickness; LV, left ventricular; LVEDd, left ventricular end-diastolic
ive patients with normal geometry; PWT, posterior wall thickness.
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Figure  2  The  values  of  εa  (A)  and  εi  (B)  in  each  group.  C,  normotensive  subjects;  N,  hypertensive  patients  with  normal  geometry;
CH, hypertensive  patients  with  concentric  hypertrophy.
CH  group  than  in  the  C  and  N  groups.  E/e′ was  signiﬁ-
cantly  increased  in  the  CH  group  compared  with  the  C  and  N
groups.
Representative  hypertensive  cases  for  measuring  εi  are
demonstrated  in  Fig.  1,  showing  the  reduced  εi  in  a  patient
with  CH  compared  with  a  patient  with  N.  The  εa  and  εi  in
the  CH  group  were  signiﬁcantly  reduced  compared  with  the
C  and  N  group,  however  εi  in  the  N  group  was  signiﬁcantly
increased  compared  with  the  C  group  as  shown  in  Fig.  2.  In
addition,  the  ratio  of  εi  to  εa  (εi/εa)  in  the  CH  group  was
signiﬁcantly  reduced  compared  with  the  C  and  N  group  as
shown  in  Fig.  3.  Univariate  analysis  showed  that  the  εi  was
signiﬁcantly  correlated  with  midwall  FS,  LVMI,  RWT,  and  E/e′
in  hypertensive  patients  (Table  3).  Stepwise  multivariate
analysis  showed  that  among  age,  midwall  FS,  LVMI,  RWT,  LV
ejection  fraction,  and  E/e′,  LVMI  and  RWT  were  independent
predictors  of  εi  in  hypertensive  patients  (Table  4).
Figure  3  The  ratio  of  εi  to  εa  (εi/εa)  in  each  group.  C,
normotensive  subjects;  N,  hypertensive  patients  with  normal
geometry;  CH,  hypertensive  patients  with  concentric  hypertro-
phy.
Observer  variabilities
The  inter-observer  variabilities  were  2.6%  for  εa  and  3.0%
for  εi.  The  intra-observer  variabilities  were  2.3%  for  εa  and
2.8%  for  εi.
Table  3  Univariate  regression  analysis  for  the  predictors
of εi  in  hypertensive  patients  (n  =  63).
Variables  R2 p-Value
RWT  0.531  <0.0001
LVMI 0.517  <0.0001
Midwall  FS  0.471  <0.0001
E/e′ 0.122  0.0048
LV ejection  fraction  0.003  0.678
εi, Radial strain in the inner half layer; E, trans-mitral E wave
velocity; e′, mitral annular velocity at the septal corner dur-
ing early diastole; FS, fractional shortening; LV, left ventricular;
LVMI, left ventricular mass index; RWT, relative wall thickness.
Table  4  Stepwise  multiple  regression  analysis  for  the  pre-
dictors  of  εi  in  hypertensive  patients.
Variables  Standard  coefﬁcient  (ˇ)  p-Value
LVMI  −0.349  0.002
RWT −0.459  0.014
R2 = 0.59 for the model, p < 0.01.
Covariates: Age, LVMI, RWT, midwall FS, E/e′. εi, Radial strain in
the inner half layer; E, trans-mitral E wave velocity; e′, mitral
annular velocity at the septal corner during early diastole; FS,
fractional shortening; LVMI, left ventricular mass index; RWT,
relative wall thickness.
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Discussion
An  important  ﬁnding  of  the  present  study  was  that  radial
strains  measured  by  2D-STE  were  reduced  in  hypertensive
patients  with  concentric  LVH  despite  normal  chamber  func-
tion.  In  addition,  LVMI  and  RWT  were  independent  predictors
of  εi  in  hypertensive  patients.
Midwall  FS  has  been  widely  used  to  assess  LV  contractile
function  in  the  hypertensive  heart  based  on  an  elliptical  2-
shell  LV  model.  The  signiﬁcant  correlation  between  midwall
FS  and  εi  in  the  present  study  may  support  this  assump-
tion.  There  are  several  studies  that  found  that  regression
of  myocardial  hypertrophy  after  antihypertensive  treatment
was  associated  with  improvement  of  midwall  FS  [25,26].
Likewise,  it  has  been  reported  that  STI-derived  strain  was
improved  by  long-term  treatment  with  telmisartan  [27].
Thus,  εi  could  improve  in  parallel  with  regression  of  hyper-
trophy,  but  this  needs  to  be  conﬁrmed  in  a  future  study.
Sub-analysis  in  the  LIFE  study  demonstrated  marked  regional
strain  heterogeneity  in  LVH  using  tagged  MRI  [28]. The  εi,
which  is  the  average  of  all  inner-layer  segments,  may  be  a
more  accurate  index  of  contractile  function  than  midwall
FS,  since  midwall  FS  is  calculated  from  septal  and  posterior
LV  wall  motion  with  M-mode  echocardiography  and  does  not
include  other  segments.  In  addition,  the  M-mode  derived  FS
did  not  differ  signiﬁcantly  among  the  three  groups,  although
the  εa  was  signiﬁcantly  different  among  the  three  groups.
The  FS,  which  indicates  endocardial  function  or  radial  dis-
placement,  could  be  inﬂuenced  in  part  by  whole  heart
translation,  because  the  systolic  excursion  of  LV  posterior
wall  consists  of  both  the  systolic  contraction  of  posterior
wall  and  the  whole  cardiac  motion  [29]. In  contrast,  the
2D-STE-derived  εa  has  a  methodological  advantage  of  a  less
susceptibility  of  this  effect  in  evaluating  myocardial  con-
traction.  A  tissue  Doppler  imaging  (TDI)  has  been  widely  used
in  the  clinical  setting  to  measure  myocardial  strain,  it  has
also  important  limitations  that  include  whole  heart  transla-
tion,  tethering,  and  Doppler  angle  dependency.  Therefore,
TDI-derived  strain  is  generally  restricted  to  longitudinal
strain  from  the  apical  view  or  anteroseptal  and  posterior
wall  assessment  from  the  short-axis  view  [30]. In  contrast,
2D-STE  is  a  non-Doppler  based  method  that  can  evaluate
myocardial  strain  from  measurements  between  speckles  in
two-dimensional  echocardiography  without  Doppler  angle
dependency  [12,13,19]. To  the  best  of  our  knowledge,  an
inner  layer  thickening  measured  by  2D-STE  in  hypertensive
hypertrophy  has  not  been  previously  reported.  Our  results
suggest  that  a  decrease  in  εi  precedes  overt  systolic  dysfunc-
tion  in  the  whole  heart.  However,  the  ‘‘normal’’  value  of  εi
remains  to  be  determined,  so  additional  studies  are  needed
to  clarify  the  role  of  εi  in  the  detection  of  latent  dysfunc-
tion.  Multivariate  analysis  showed  that  LVMI  and  RWT  were
independent  predictors  of  εi,  implying  that  changes  in  LV
geometry  may  signiﬁcantly  inﬂuence  εi.  The  precise  mech-
anism  of  decreased  εi  in  conditions  with  LVH  is  unknown.
Experimental  studies  showed  that  the  LV  wall  has  transmural
heterogeneity  in  terms  of  oxygen  consumption,  metabolic
activity,  and  coronary  ﬂow  [31—33]. These  parameters  are
higher  in  the  subendocardial  layer  than  in  the  subepicar-
dial  layer.  Although  the  subendocardial  layer  is  more  distant
from  the  epicardial  coronary  arteries,  the  inner  layer  has
greater  radial  strain  than  the  outer  layer,  resulting  in  higher left  ventricular  wall  in  hypertensive  patients  69
ontractile  energy.  Consequently,  the  inner  layer  seems  to
e  more  susceptible  to  hypoperfusion,  resulting  in  myocar-
ial  ischemia  [34]  and  impaired  calcium  handling  [35].
schemia  in  the  inner  layer  may  account  for  the  decrease
n  εi,  especially  when  LV  wall  thickness  is  increased.  Based
n  the  assumption  of  an  elliptical  2-shell  model,  we  specu-
ate  that  an  increase  in  radial  strain  in  the  outer  layer  might
ompensate  for  the  preservation  of  strain  in  all  layers.  The
eason  for  a  decrease  in  εi/εa  in  the  CH  group  remains  to
e  determined,  in  part,  the  radial  strain  in  the  outer  layer
as  highly  variable  and  could  not  be  included  in  this  study.
herefore,  this  issue  should  be  clariﬁed  in  future  studies.
Several  study  limitations  are  noted.  First,  this  study  did
ot  include  two  types  of  LV  geometry,  concentric  remodeling
nd  eccentric  hypertrophy.  Studies  with  a  larger  number  of
atients  including  all  types  of  LV  geometry  will  be  needed
n  the  future.  Second,  myocardial  layer-speciﬁc  speckle
racking  has  not  been  fully  validated,  although  transmural
peckle  tracking  has  been  well  validated  using  tagged  MRI,
onomicrometry,  or  TDI  [12,13].  Third,  from  the  viewpoint  of
yocardial  thickening,  we  evaluated  strain  in  only  the  radial
irection.  The  recent  development  of  3D  speckle  tracking
echnology  should  overcome  this  problem  [36]. Lastly,  the
easibility  of  2D-STE  depends  on  the  quality  of  2D  echo,
nd  we  had  to  exclude  ﬁve  hypertensive  patients  because
f  tracking  failure.  And  we  could  not  obtain  completely  cir-
ular  short  axial  images  for  the  measurement  of  radial  strain
n  all  patients  due  to  some  variations  of  echo  window  and
ardiac  position  among  patients.
onclusions
adial  strain  in  the  inner  half  layer  of  the  LV  wall  decreases
n  parallel  with  the  degrees  of  LV  concentricity  and  hyper-
rophy  in  hypertensive  patients.  Radial  strain  in  the  inner
alf  layer  may  identify  subtle  systolic  dysfunction  even  in
ypertensive  patients  with  preserved  LV  chamber  function.
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